Summary The urinary excretion and serum levels of retinol (Ret) and tocopherol (Toc) of 33 female university students were measured and their relationship examined. Serum and urinary levels of the kidney function parameters examined were within the normal ranges tively, and the Ret level showed a positive correlation with the level of Toc (r=0.45, p<0.01). Urinary excretion concentrations over 24 h (24hU) of Ret and Toc were 635 pg/ml tively. In urinary 2nd-spot excretion (2ndU), the concentrations were 755 pg/ml for Ret and 2.77 ng/ml for Toc and the total excretion amounts of Ret and Toc were 129 and 459 ng for the total volume of 2ndU, respectively. Serum levels of Ret and Toc were not correlated with urinary excretion in 24hU and 2ndU. The urinary excretion concentration of Ret or Toc was not statistically different between those in 24hU and 2ndU, respectively. Urinary concentration of Ret in 24hU correlated with the total amounts of Ret in 24hU, and with the urinary concentration of Ret in 2ndU (r=0.56 and r=0.57, p<0.001, respectively). Also, 24 h urinary concentration for Toc was correlated with the total amounts of Toc in 24hU, and with the urinary concentration of Toc in 2ndU (r=0.41, p<0.05 and r=0.68, p<0.001, respectively). Urinary Ret concentration of 24hU or 2ndU was correlated with the concentration of Toc excretion in the 24 h or 2nd-spot urine (r=0.52, p<0.01 and r=0.57, p<0.001, respectively). Urine excretion concentrations of Ret and Toc showed a positive correlation with the levels of urinary creatinine (r=0.73 and r=0.75, p<0.001, respectively) and urea nitrogen (r=0.53 and r=0.46, p<0.01, respectively) of the kidney function index. This study shows that the urinary excretion of Ret and Toc was independent of their serum status, and that the urinary excretion concentration and total amounts of Ret and Toc of 24hU can be estimated from those of 2ndU.
Introduction
The amounts of serum and urinary components are influenced by dietary intake of foods. Lower urinary 2, 3-dinor-thromboxane B2 and higher prostaglandin E2 excretion have been observed with a highamount of urinary potassium (K) excretion is not only directly influenced by K intake, but also by the *To whom correspondence should be addressed .
K metabolism [2] . Blood contents and changes of the levels of urinary excretion are used as one of the methods for evaluating human nutritional status and can indicate the metabolism of the biomedical conditions in the body. Recently, changes in dietary habits have been shown to cause illnesses such as hypertension, cardiovascular diseases and arteriosclerosis [3] [4] [5] . To reduce the risk of these diseases, retinol (vitamin A; vitamins, have been shown to display antioxidantive and inhibitory effects against lipid oxidation by active oxygen in organisms [6] [7] [8] These vitamins also show preventive effects against cancer [9, 10] .
Plasma levels of Ret and Toc in the patients with cirrhotic and serum Toc levels in Wilson's disease patients were significantly lower compared with the control group [11, 12] . Acute illnesses, such as measles and respiratory infections significantly reduce the levels of serum Ret [13, 14] , and the urinary excretion of Ret has been shown to be one of the major routes of vitamin A loss during infection [15] [16] [17] [18] . Kidney tubular dysfunctions of increased retinol-binding protein excretion in urine lead to urinary Ret excretion in children with watery diarrhoea [19] . Patients with AIDS show decreased levels of plasma vitamin E levels and increased levels of urinary excretion of vitamin E [20] . These results indicate that elevated excretion of Ret and Toc in the urine leads to a reduction in the serum level of these vitamins.
The regulation of the metabolism of vitamin A is reported to be mediated by glomerular filtration as well as reabsorption and secretion processes of protein-bound vitamins [21] . Mitra et al. estimated that the urinary Ret excretion in children with watery diarrhoea was more than 40% of the liver Ret reserve in malnourished children [19] . These observations raised the possibility that urinary excretion of Ret and Toc may also be the case for healthy persons and their urinary excretion may play a significant role in the decrease of serum Ret and Toc. There have been reports about the serum contents of these vitamins [22] [23] [24] [25] and their relation to food intake [26] [27] [28] [29] , but there has not been sufficient information on their urinary excretion in healthy peoples. The purpose of this study was to assess the amount of serum levels and urinary excretion of these vitamins and to clarify the relationship between their levels in urinary excretion and serum levels in young Japanese women.
Subjects and Methods
Healthy university students who gave informed consent, 33 females, 20-23 years old, living in Osaka and its vicinity, participated in this study. Blood samples were taken early in the morning after an overnight fast. Twenty-four-hour urine (24hU) and 2nd-spot urine (2ndU) in the morning were collected in acid-washed polyethylene containers for analyses. The mean volumes of 24hU and 2ndU were Ret and Toc were extracted with hexane from serum by the method of Abe et al. [30, 31] and from urine by the method of Mitra et al. for Ret [19] , and Jordao et al. for Toc [20] , respectively, with minor modification. The extract was evaporated under nitrogen and separated by high-performance liquid chromatography (633A-F1050, Hitachi, Tokyo) on a Chromat Works, Tokyo) with isopropanol in n-hexane (0.8:100) as the mobile phase as described previously [23] . The amounts of Ret and Toc were measured fluorometrically (excitation 340 and 298 nm, emission 480 and 325 nm, respectively) and calculated from the recovery of the added internal standard and urine were examined with an autoanalyzer (Hitachi-736, Hitachi, Tokyo) using clinical kits.
Statistical analysis: The results are expressed as
Pearson's correlation coefficients were used to examine the relationship between the variables.
Results and Discussion
Serum levels of biochemical parameters in university students Table 1 shows that the mean serum levels of total protein, albumin (Alb), globulin (Gib) and ratio of Alb/Glb were mostly within normal ranges. The levels of alanine aminotransferase (AST), aspartate aminotransferase (ALT) and lactate dehydrogenase (LDH) were also within the normal ranges of Japanese and the mean value of serum amylase (56 IU/ liter) was at the range of lower end of the normal range (38-136 IU/liter). The levels of biomarker of kidney function, creatinine (Cr), urea nitrogen (UN), uric acid (UA), fructosamine, sodium (Na) and potassium (K) were also within the normal ranges.
The mean values of triglycerides (TG, 58 mg/dl) and total cholesterol (TC, 180 mg/dl) were almost similar to young females reported previously (59, 181 mg/dl, respectively) [22] . The level of high-density lipoprotein (HDL, 79 mg/dl) was higher than those for young females reported previously (62 mg/ dl) [22] and the level of low-density lipoprotein (LDL, 101 mg/dl) was lower than those for young females reported previously (118 mg/di) [22] . Therefore, the arteriosclerosis index (AI) (LDL/ HDL ratio, 1.32) was lower than those reported previously (2.0) [22] . The lower AI indicates a lower risk of coronary heart disease, thus showing the subjects were in good health. From these biochemical parameters, which were within the normal ranges, the serum contents for these subjects were considered to be representative of young Japanese females.
Twenty-four-hour urinary levels of biomarkers of kidney function The urinary levels of biomarkers of kidney function in 24hU of a mean volume of 941 ml are shown in Table 2 . The mean value of 24 h urinary Cr, which is related to the amount of muscle tissue, was 1.21 mg/ml and 1,021 mg/day. The excretion of urinary Cr for female adults is 10-25 mg/kg/day [32] . The urinary excretion of Cr of the subjects in this study was within the normal range and almost the same as those for 18-19-year-old female students Table 2 .
Urinary levels of biomarkers of kidney function in female students.
(1,158 mg/day) reported by Kameyama [2] . The urinary excretion of urea nitrogen (UN) was 8.62 mg/ ml and 7,641 mg/day, and that of urinary albumin (NAG) over 24 h was 1,629 mU/day, and the concentration was 1.99 mU/ml which was lower than that reported by Kiyose et al. (2.9-9.7 mU/ml) [33] . For 24hU, Na excretion was 0.16 mEq/ml and 144 mEq/day, which were almost the same as those reported by others [2, 24, 25] . The 24 h urinary excretion of K was 0.05 mEq/ml and 38.7 mEq/day, which was similar to those reported by Kameyama [2] . Tsuchida et al. reported that urinary levels of Na and K of young male Japanese were 3,441 mg/day (148 mEq/day) and 2,179 mg/day (55 mEq/day), respectively [34] . Yamada et al. reported urinary excretion of males of Na at 2,942 mg/day (127 mEq/day) and K at 3,305 mg/day (84 mEq/day) [35] . Thus, the level of excretion of Na for males was about the same as for our subjects, while the level of K seemed to be lower than those found by others [34, 35] . These results may suggest that the 24 h urinary excretion of Na is not influenced by gender and the excretion level of K differs between genders.
Levels of Ret and Toc in serum and urine
The concentrations in serum and urinary excretion of Ret and Toc are shown in Table 3 . The mean concentrations of Ret and Toc in serum were 642 ng/ml lower than that considered normal for Japanese (0.77
Toc was within the normal range for Japanese (5 In the 24hU, the concentration of Ret was 635 pg/ ml and the total excretion amount was 539 ng/day. The Ret levels of the 24hU standardized for urinary Cr was 356 ng/g of Cr. The Ret amounts in 24hU excretion were lower than that of urinary Ret excretion in children with acute watery diarrhoea (859 ng/ 24 h) [19] . In the 2ndU, the concentration of Ret was 755 pg/ml and the total amount in the total volume of 2ndU was 129 ng. The Ret concentration in ml was not statistically different between those in 24hU and 2ndU. These results show that the Ret concentration in ml of 24 h urinary excretion can be estimated from the Ret concentration in ml of 2nd-spot urinary excretion. The concentration of Toc of the 24hU was 2.23 ng/ml and the total excretion amount in the 24hU
Toc amount in 24hU excretion was lower than those for normal subjects and AIDS patients in Brazil
Of the 2ndU, the concentration of Toc was 2.77 ng/ ml and the total excretion amount in the total volume of 2ndU was 459 ng. There was no significant difference between the concentration of Toc in 24hU and 2ndU. Thus, the Toc excretion concentration in ml for 24hU can be estimated from the Toc concentration in ml for 2ndU excretion.
Relationship between serum lipids and Ret and Toc levels in serum and urine As shown in Table 4 , the concentration of serum Ret correlated positively with the serum levels of TC (r=0.49, p<0.01) and HDL-C (r=0.66, p<0.001), while the serum concentration of Toc correlated with TC (r=0.79, p<0.001), HDL (r=0.61, p<0.001) and LDL (r=0.55, p<0.001). These results reveal that the serum concentration of Ret and Toc will increase with an increase in serum TC and do not reflect the nutritional status of Ret and Toc.
The 24hU and 2ndU concentration of Ret (/ml) was not correlated with the serum levels of lipids, and the total amount of Ret in the total volume of 2ndU was negatively correlated with the levels of TG (r= -0.38, p<0.05). These results mean that the total excretion amount of Ret in 2ndU decrease with an increase in the level of serum TG.
There was no relationship between the levels of serum lipids and the excretion concentration of Toc (/ml) for 24hU and 2ndU. The total excretion amount of Toc in the 2ndU was negatively correlated with the level of TG (r=-0.41, p<0.05). Thus, the higher level of serum TG reflects lower total excretion Ret and Toc in the 2ndU.
Relationship between the excretion of biomarkers of kidney function in urine and the concentrations of Ret and The in serum and urine As shown in Table 4 , no relationship was found between the serum level of Ret and the excretion of Cr and UN in 24hU. However, serum level of Toc negatively correlated with the value of Cr excretion on 24hU (r=-0.37 for per ml and r=-0.36 for per day, p<0.05, respectively). These results suggest that the lower urinary excretion of Cr of 24hU will induce higher levels of serum Toc.
In the 24hU, the concentration of Ret (/ml) was positively correlated with 24 h urinary Cr (/ml) and UN (/ml) (r=0.73, p<0.001 and r=0.53, p<0.01, respectively), and was negatively correlated with the total amount of UN (/day) (r=-0.34, p<0.05). In the 2ndU, the concentration of Ret (/ml) was also positively correlated with the excretion concentration of Cr (/ml) (r=0.36, p<0.05) and UN (/ml) (r=0.36, p<0.05). Thus, the higher excretion concentration of Cr and UN reflects higher excretion of Ret for per ml in 24hU and 2ndU.
In the 24hU, the concentration of Toc (/ml) was positively correlated with the concentration of Cr (/ ml) and UN (/ml) (r=0.75, p<0.001 and r=0.46, Vol.34, No. 1, 2003 p<0.01, respectively), and was negatively correlated with the excretion amount of total UN (/day) on 24hU (r=-0.47, p<0.01). In the 2ndU, there was no relationship between the excretion of Toc and the values of Cr and UN in 24hU and 2ndU. From these results, the higher excretion of Cr and UN per ml of 24hU reflects the higher excretion of Toc per ml of 24hU.
The urinary excretion of Ret (/ml) and Toc (/ml) showed almost the same relationship with the concentration of Cr (/ml) and UN (/ml). There seems to be higher excretion of Ret and Toc in the renal patients with high Cr excretion. There was no relationship between the levels of the urinary excretion of Ret (/ml) and Toc (/ml) and the levels of the 24hU-Ret (24hU-Ret/24hU-Cr) and 24hU-Toc (24hU-Toc/24hU-Cr) standardized for urinary Cr, respectively.
Relationship between the excretion levels of sodium and potassium in urine and the concentration of Ret and Toc in serum and urine
No relationship between the serum levels of Ret and Toc and the excretion concentration of Na and K of 24hU (Table 4) . With the 24hU, the concentration of Na (/ml) was not correlated with the amount of urinary Na (/day), but the concentration of K (/ ml) was correlated positively with the amount of urinary K (/day) (r=0.56, p<0.001).
With the 24hU, the concentration of urinary Ret (/ml) was positively correlated with the concentration of Na and K (/ml) (r=0.48, p<0.01 and r=0.43, p<0.05, respectively) and negatively correlated with the amount of Na excretion (/day) (r=-0.48, p<0.01). With the 2ndU, the excretion concentration of Ret (/ml) was negatively correlated with the excretion amount of Na (/day) (r=-0.39, p<0.05). These results show that the excretion of Na and K may affect the excretion of Ret.
The excretion concentration of urinary Toc (/ml) in the 24hU was positively correlated with the concentration of Na and K (/ml) in 24hU (r=0.45, p<0.01 and r=0.43, p<0.05, respectively) and negatively correlated with the total excretion amount of Na (/day) (r=-0.53, p<0.01). With the 2ndU, the excretion concentration of Toc (/ml) was negatively correlated with the total excretion amount of Na (/day) (r=-0.36, p<0.05). These results show that the excretion of Na and K may affect the excretion of Toc.
Thus, the urinary excretion of Ret and Toc showed almost the same relation with the excretion of Na and K. These results showed that the urinary levels of Na and K (/ml) influence the concentration of Ret and Toc (/ml) in the 24hU and that the urinary excretion of Ret and Toc was high when the urinary levels of Na and K were high.
Relationship between the levels of Ret and Toc and the volume of urine No relationship was observed between the serum concentration of Ret and Toc (/ml) and the volume of 24hU and 2ndU (Table 4) . With the 24hU samples, the concentration of Ret (/ml) was correlated negatively with the total volume of 24hU (r=-0.68, p<0.001). With the 2ndU samples, the concentration of Ret (/ml) was also correlated negatively with the volume of 2ndU (r=-0.53, p<0.01). Total excretion amount of Ret in 2ndU was correlated with the volume of 2ndU (r=0.55, p <0.001), but no relationship was found between the total excretion amount of Ret in 24hU and the total volume of 24hU.
The concentration of Toc (/ml) in 24hU and 2ndU was correlated negatively with the total volume of 24hU and 2ndU (r=-0.69 and r=-0.64, p<0.001, respectively). The total excretion amount of Toc in 2ndU was correlated with the volume of 2ndU (r=0.43, p<0.05), but the total excretion amount of Toc in 24hU was independent of the total volume of 24hU. The effect of the total volume of urine on the urinary excretion of Toc showed almost the same correlation pattern as the urinary excretion of Ret. These findings may mean that the excretion amounts of Ret and Toc in 2ndU were dependent on the volume of urine in 2ndU, but the total urinary excretion amounts of Ret and Toc on 24hU were independent of the total volume of urine.
Relationship between the levels of Ret and The in serum and urine Table 5 shows that the serum levels of Ret correlated positively with serum Toc (r=0.45, p<0.01). No relationship was observed between serum Ret concentration (/ml) and the urinary value of the Ret of the 24hU and 2ndU. Serum levels of Toc also showed no relationship with the urinary excretion of Toc in the 24hU and 2ndU. These results mean that the excretion of Ret and Toc in urine was independent of the serum levels of Ret and Toc.
The urinary Ret concentration (/ml) of 24hU or 2ndU was correlated with the concentration of Toc excretion (/ml) in the 24 h or 2nd-spot urine (r=0.52, p<0.01 and r=0.57, p<0.001, respectively). The concentration of urinary excretion of Ret (/ml) in the 24hU correlated positively with the concentration of Ret (/ml) in the 2ndU and with the total excretion amount of Ret in 24hU (r=0.57 and r=0.56, p<0.001, respectively). The total amount excretion of Ret (/day) in the 24hU correlated positively with the total amount excretion of Ret in the 2ndU (r=0.56, p<0.001). These results show that the excretion concentration of Ret (/ml) in 24hU reveals the status of Ret for the total 24 h excretion and can be estimated from the excretion concentration of Ret (/ml) in 2ndU.
The concentration of urinary Toc excretion (/ml) in the 24hU correlated positively with the concentration of Toc (/ml) in the 2ndU and with the total excretion amount of Toc (/day) in the 24hU (r=0.68, p<0.001 and r=0.41, p<0.05, respectively). The excretion amount of Toc (/day) in the 24hU was correlated positively with the total excretion amount of Toc of the 2ndU (r=0.73, p<0.001). These findings show that the excretion concentration of Toc (/ml) in the 24hU reveals the status of Toc for the total 24 h excretion and can be estimated from the excretion concentration of Toc (/ml) in 2ndU.
Our findings show that the urinary excretion of Ret and Toc was not increased by their increment in serum, and that the urinary excretion of Ret and Toc of the 24hU can be estimated from those of the 2ndU. We tried to document the excretion of Ret and Toc in normal individuals and their interrelations with urinary Cr excretion per ml. The status of vitamin A affects mortality rate [36] and contraction of infectious diseases [37] and vitamin A deficiency modifies jejunal fatty acid composition [38] . Assessment of the nutritional status of Ret and Toc in the body is important for health, and more information about the urinary excretion of Ret and Toc will be needed.
